It is widely recognized that f3-lactamases are involved in the mechanism of bacterial resistance to /3-lactam antibiotics; the enzymes hydrolyse the amide bonds in the /3-lactam rings and render the drugs inactive. /3-Lactamases are classified into several distinct types based on their substrate specificities and genetic origins." 2 To study precise physico-chemical properties of /3-lactamases, development of a reliable method for their purification and determination is highly desired.
f3-Lactamases have hitherto been assayed by hydroxylamine3, acidimetric4, iodometric5,6 microbiological' and spectrophotometric methods.8'9 However, neither of these methods permits precise determination of the particular enzymatic activity in the presence of contaminating enzymes such as acylases or other /3-lactamases.
On the other hand, although various classical separation methods have commonly been used in combination with the above-mentioned batch assays for purification of /3-lactamases, the use of HPLC with UV or fluorescence detection has recently been reported.10" However, there is still no method capable of on-line measurement of /3-lactamase activity which is required for rapid purification of labile enzymes.
In this paper, a method for the on-line measurement of /3-lactamase activity by HPLC with postcolumn enzymatic reaction is described.
Moreover, the present method realizes the separation of several types of /-lactamase on a hydroxyapatite column without losing their activities.
Experimental
The HPLC system used is illustrated in Fig. 1 . Two LC-6A pumps (Simadzu Corp., Kyoto, Japan) with a SCL-6A system controller (Shimadzu) were used for a linear gradient elution using 10 mM phosphate buffer at pH 6.8 containing 0.3 mM calcium chloride (Solvent A) and 400 mM phosphate buffer at pH 6.8 (Solvent B).
The gradient elution was performed from 0% Solvent B (100% Solvent A) to 100% Solvent B in 30 min. A hydroxyapatite column PEC 101(7.5 mm i.d.X 10 cm, Asahi Optical Co., Tokyo, Japan) was adopted for the separation.
The effluent was first monitored by a FP-210 fluorescence detector (Ex 280 nm, Em 320 nm, JASCO, Tokyo, Japan) and then mixed with a Nitrocefin (Oxoid Ltd., Basingstoke, Hants, U. K.) solution (500 µg/ml of 50 mM phosphate buffer at pH 7.0) delivered by a SP8770 pump (Spectra-Physics, San Jose, CA, U.S.A.).
The mixture was finally monitored at 482 nm by a V4 UV/ VIS absorbance detecctor (ISCO, Lincoln, NE, U.S.A.).
Crude /3-lactamases produced by E. coli (penicillinase, p15. U.S.A.) were used. The enzymes were dissolved in 50 mM phosphate buffer (pH 7.0) and a 10 µl aliquot was introduced into the system.
Results and Discussion
The separation of /3-lactamases was unsuccessful on a single ion exchange column, irrespective of anion or cation exchanger.
However, on the hydroxyapatite column, several types of the /3-lactamases having different p1 values were successfully separated by a linear gradient elution using 10 mM phosphate buffer at pH 6.8 containing 0.3 mM calcium chloride and 400 mM phosphate buffer at pH 6.8. A typical chromatogram is shown in Fig. 2 . Recoveries of the enzyme activities after HPLC separation, determined by the conventional photometric method9, were 106 and 108% (n=3) for E. cloacae cephalosporinase and P. vulgaris oxyiminocephalosporinase respectively, indicating the excellent property of the hydroxyapatite column for the separation of f3-lactamases.
Next, the on-line detection of /3-lactamases was attempted by employing Nitrocefin, a well known chromogenic cephalosporin substrate for the enzymes12, as the postcolumn reagent.
As shown in Fig. 3 , the enzymes hydrolyse the substrate into the cephalosporoate accompanied with the shift of the absorption maximum from 386 to 482 nm. In the present investigation, the enzymatic reaction was utilized for on-line detection of /3-lactamase activities by using Nitrocefin as a postcolumn reagent. Figure 4 shows the chromatogram obtained by the present method and that by fluorescence detection of aromatic amino acid residues in the enzyme proteins.
As can be seen, an extremely selective detection of the /3-lactamase activity was achieved by the postcolumn enzymatic reaction. The peak areas well correlated (r=0.9993) to the enzyme activities in the range of 0.9 to 5.7 unit/ ml. In conclusion, the HPLC method presented here was proved to be quite effective to the on-line measurement of f3-lactamase activities.
The present technique was also quite useful for the simultaneous measurement of the enzyme activities of coexistent /3-lactamases.
The technique is additionally expected to facilitate the isolation of /3-lactamases of high purity as well as the elucidation of induction mechanism of /3-lactamases. Sample, E. coli penicillinase solution (10 µl); HPLC conditions are the same as in Fig. 2 .
